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Introductions

A Dr. Hisham Othman
A VICEH?ESIDEI,\I'TI'RANSMISSIO& REGULATORY

A Areas of expertise include power system dynamics and control, hybrid
microgrids, grid integration of renewables and storage, economic analysis

A PhD, Electrical Engineering, University of lllinois, Urbana

A Over 30 years of technical and managerial experience in the electric power
industry

QUANTA

@ TECHNOLOGY Copyright ©2020




Storage Role within an Integrated Resource Plan (IRP)

Goals

- Safe

- Affordable
- Reliable

- Clean

- Resilient

Constraints

- Policies, Regulations, and Rules

- Natural Resources

- Technology Capability

- T&D Grid Capacity and Expansion Potential
- Capital and Rate Impact

- Clean Energy Targets

- Resiliency Targets

Uncertainties

- Load growth and consumption profiles

- Correlation between load and Solar/Wind Profiles
- Technology roadmaps
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Role of Energy Storage:
A G: Capacity and Reserves (Standalone)
A G: Dispatchable solar and wind (AC or DC coupled)
A G: Dally energy balance
A G: Intrahour Ancillaries and fast ramping
A G: Multiday resiliency
A T&D: NorWire Alternative Solution (NWAS)
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How deep should the storage reservoir be?

Intermittency of VERs Fast and Flexible Response to
(e.g., Solar/Wind) control Frequency
4-10 hours Integrated Resource Planning Peaker Plants
(e1=ly) (Capacity, Reserves, Energy) CombinedStorage+Renwable
2-8 hours Address Grid Security Constraints

(T&D) (e.g., NERC TPL Standards) NWA solutions

High Renewable Targets (50%+) using Balance Supply and Demand
low-capacity factor resources Mitigate Supply Risks

VER: Variable Energy Resources
NWA: NorANire Alternative Solutions
RE: Renewables
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Storage as a Peaker (Example)

A Load shape is a key driver for Peaker plants.

A Top 5% of peak load lasts for only 25 hours in a year, while Top 10% of peak load last for 80 hours.
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Storage as a Peaker (Example)

ESS Capacity Hrs
90
79.6
80
Load 70 64.1
60
AFor a ful l capacity [credit, Peaker s 502
minimum energy capacity is: g >0 =
D '
1. 1.5hrswhen the storage MW size + 40
does not exceed 2% of peak load, 30 25.1
2. 6hrs when storage MW size 20 1281431?.5
increases to 10% of peak load; 26 81 8589 9675
10 3 43 51 58 6.4 7.1 /.
3. 14hrswhen the storage MW =
0

increases to 30% of peak load; and
4. grows exponentially beyond 30%.
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Solar + Storage (Example)

A Optimizing the storage size depends on:
A Interconnection capacity at POI.
A Revenue streams: Energy, Capacity, AncilRigg,s.
A Technology Cost: PV, Inverter, ESS (DC or AC connected).
A Location Solar Irradiance
A Investment Tax Credit (ITC)

A Example (Arizona) POl Capacity 1000 MW:

POI

Solar PV ESSDC connected| ESSAC connected | Net Present Value Plant Capacity
(MWdc) MW / Hrs MW / Hrs M Factor%
8 ) PV alone 1,370 - - $366M 34%
E PV + ESBC 1,511 1,000/3.4 - $488M 37%
*a PV + ESAC 1,316 - 1,000/1.2 $466M 35%
O | PV +ESBC + ES&C 1,363 676/ 3.8 640/ 1.0 $530M 34%
PV + ESBC + ES&C 2,000 800/ 4.6 377/1.0 $483M 46%
PV + ESBC + ES&C 2,500 883/5.8 119/1.0 $427M 56%
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Long Duration Storage Supply Resiliency

A Solar Daily Energy Harvest:

A Range 19 hrs
A Median 6.5hrs

AHow much Storage? depends

A Installed VER penetration level
A Load Profile
A Number of rainy days & Season

A Storage size increases with solar penetration level and
number of consecutive rainy days:
A Peak load of 1000MW,

A 500MW solar PV with a capacity value of 100MW (10%
penetration)

A 2 consecutive rainy days

A Storage size is 1200MWh (or 12 hours of 100MW capacity)
or carry a 100MW generator running on renewable fuel.
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100% Renewable IRP: Example

A Storage energy capacity
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Energy Storage Requirements at Year 20 (Probabillistic IRP)

/

Probability of Max. Storage Size Requirement
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A Storage Requirements range between@dGW.
A Mean of Storage Requirements is 60GW.
A 90% probability the storage requirements will exceed 50GW, 5% 62GW, and 1% 65GW.
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Storage as Transmission Asset : Different Drivers, Common Analysis

Profiles Siting
(Load, VRE .
Sizing
Market Efficiency Thermal & Uncertainty Cost
Voltage _ (load, Prices _
Violations » Benefit
Controls

Renewable Integratio

Common analysis and design methodology of NWA solutions to Grid limitations stemming from multiple driver
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Prioritize
Constraints

AReliability

AMarket
Efficiency

APublic Policy
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System Model

T&D Grid

Study Process and Tools

Quanta Technology Analytics TQ&SP-IT

sy i o Energy Storage Planning Toedlransmission

BESS Siting/Sizing Analysis

System / Constraint Toolset
PTDF/OTDF ASiting of storage in
the system
*'D"DD . ASizing of identified
D storage locations
AHybrid solutions
ACost estimation
L AReal option
valuation (Monte
Carlo analysis)
AWnholesale market
Siting/Sizing Analysis participation

Benefit-Cost Analysis

SystemWide
Evaluation

Project Economics

A TechneEconomic
lifetime simulation

A Deliverability

A Congestion relief

A Productioncost 1

A Renewable

A NPV/IRR/PB analysis

A Comparative

integration customer
A Benefit/Cost Ratio economics
A Real option

valuation

Timeseries analysis power flow and contingency analysis, siting/sizing optimization,
cost estimation, revenue stacking, lifecycle teebomomic analysis, system benefit analysis
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Transmission NWA Example : OSW Integration in NY
Increasing OSW Levels Trigger Grid Upgrade Needs

Sites Max Dispatch
Greenwood 600
Astoria W 600
Jamaica 362
Mott Haven 0
E Gowanus 600
2 | Hudson River E. 600
Farragut 0 : New York City Interconnection Points
Astoria Annex 544 ® : Long Island Interconnection Points
Rainey 562
West 49th St 0
Riverhead 600
Holbrook 267
ﬁ Shoreham 500
S [ Sterling 134
Barrett 209
Ruland Rd 0

V4 26 44
Violations.Breakdown Violations.~ Breakdown Violations.~ Breakdown
2 ¢ 345kV 6 ¢ 345kV 10¢ 345kV
5¢138kV 16¢138kV 33¢ 138kV

The violations are reflective of line loadings exceeding Rating B
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Transmission NWA Example : OSW Integration in NY (Analysis Steps)

Project: NYPA-Demo-3
Cost Estimation Project: NYPA-Demo-1

Q aQana §

BESS $309M
Conventional $1B

<]

aQ

Cost Estimation.

Siting Cost Estimation

® OlN©

Sizing (MW) (MWh) Techno

Charging Requirements Discharging Requirements B Hilinan n.n.,u._;,,., Sebect B -n-...= s 3 -
Bus Bus Bus Batt Size Bus Bus Bus Batt Size K T veatsey :::- .E:u:« Eina E‘fﬁ :'f‘: .- — T— .
Number ¥ Name T kv ¥ mw Y Number ¥ Name Y kv T mw Y o == R : — .
PR P esiin | . . =
126434 GRENWOOD N 138 790 129454 RONKONK 138 526 = . it
'
129475 WILDWOOD 138 264 = — -
- Ty comesumanen
« (T Teatns Ecommica
e
Ay cotamiion H

hno-feanamic Anal
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Real Option Analysig Optimizing Transmission Planning Under Uncertainty

A Case Study in CAISO
A Conventional Solutioi60M
A ESSw/o Markets $70M
A ESS w/ Markets $50M

A Load Forecast Uncertainty
A LMP and Ancillary Price Uncertainty

Certainty = 97% of EfSS cost
24 —To be fess than
Conventional Solutioh

A Option Valuation

Expensive A ESS cost ranges from 30% to

"_’ 120%, with a mean value of 70%
: of conventional solution value

D03 —

Probability

59

73%

A Real Option Analysis
A Rank Projects Internally
A Optimize Asset Decisions
‘ A Balance Customer Risk and Cost

D01 —

- Std. Dev
Mean

0.0cp ' ' g ! g g ; g
40% 50% 60% 70% 80% 50% 100% 110%

ESS to Conventional Solution Cost Ratio
Phased planning in uncertain environments can reduce customer cost and risk
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Thank you!

Office \ (919)334-3000

Locations
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Quanta Technology

2300 Clayton Road, Suite 970
Concord, CA 94520

Quanta Technology

905 Calle Amanecer, Suite 200

San Clemente, CA 92673
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Quanta Technology Canada, Ltd
. 2900 John Street, Unit 3
. /- Markham, Ontario, L3R 5G3

Quanta Technology
720 East Butterfield Rd., Suite 2(

- Lombard, IL 60148

P

Quanta Technology, LLC (HQ)
4020 Westchase Blvd., Suite 300
Raleigh, NC 27607

Dr. Hisham Othman
HOthman@ Quantdechnology.com
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